A b+ef report on the status of the SLAC Linear Collider (SLC) program is presented.
I. Introduction
Collisions at the SLAC Linear Collider (SLC) are imminent. The construction is complete and the beam transport systems in the arcs and final focus are being commissioned.
A large part of the SLC has had extensive checkout and has met the specification for initial operation. The upgrade of the Mark II was completed more than a year ago and a large data sample was obtained at PEP with the new detector components. The Mark II is now located in the SLC interaction hall and is taking cosmic ray data. It is ready to move onto the beam line at the SLC interaction region.
The goals of the SLC are to develop the techniques of linear colliders and to do physics at and slightly above the energy necessary to produce the Z". In a linear collider the electrons and positrons collide once and are then discarded. This is in contrast to a storage ring where the beams are stored for many hours and collide many thousands of times a second.
In order to obtain a luminosity large enough to do interesting physics, the beams are focused to a small spot of a few microns and they are only a few millimeters in length. Using the repetition rate of 180 hertz at SLAC, luminosities of 6 x 10" cmB2 set-1 can be reached.
A genuine linear collider would require two accelerators directed at one another. The SLC will use only the existing linear accelerator upgraded to reach 50 GeV. The positrons and electrons are accelerated simultaneously to the desired energy, then they enter separate arcs which transmit them to an intersecting region where they collide head on. In this way the SLC machine can reach center-of-mass energies high enough to produce the Z" via its coupling to e+e-pairs. At the design luminosity of the SLC, ZO's will be produced in excess of one million per year.
Since my talk in early March, considerable progress has been made on commissioning the SLC. The acceptance of the south damping ring is now understood. The beam enters ---and leaves with high efficiency similar to that of the electron ring. On March 25 positrons were transported to the interaction region and a few days later electrons and positrons were simultaneously accelerated to the end of the accelerator, launched into the arcs and passed -through the interaction point.
The outline of this paper will be as follows. A short review of the physics goals and the status of the SLC will be followed by a discussion of the energy spectrometer with centerof-mass energy resolution on a pulse-to-pulse basis of f 50 MeV/c2. The status of the SLC polarization experiment will be discussed. Finally, in the last section, the expected physics program of the Mark II will be given.
II. Physics at the SLC
The physics program of the SLC concentrates on production of ZO's and their decay.
Measurements of the Z" mass and width will be among the first and most important physics results from the SLC. Using spectrometers in the extraction lines of the SLC, the Z" mass will be determined to an accuracy of 50 MeV/c2. Once the Z" mass is known to this accuracy, all of the couplings of the standard model of electroweak interactions are completely determined by three fundamental constants: (Y, GF, and Mz. The Z" width is both a test of the standard model and a measure of the particle content of Z" decays. For example, a fourth neutrino species contributes about 180 MeV/c2 to the Z" width.
The SLC is unique among existing or planned colliding-beam facilities in its potential to accelerate longitudinally polarized electrons. The polarization sense is reversible from pulse to pulse at the operator's control, and thereby allows precise tests of the couplings of the fermion through the measurement of the left-right asymmetry
In the standard model, ALR is uniquely predicted once Mz is known and is independent of the final fermion type. Thus, all visible Z" decays can be used for the precision test of the standard model.
Searches for Z-decays to the predicted top and Higgs particles will be made as well as searches for new or unexpected phenomena beyond the standard model. The SLC requires a short bunch length of 1 to 2 mm after reinjection into the Linac. This is accomplished by taking the UL = 6 mm long beam as it emerges from the damping ring through a bunch length compressor which shortens the bunch length and broadens the energy spread. In our commissioning studies, we have learned that with increasing beam current the bunch length in the damping ring grows (at 3~10'~ c-, a bunch length of UL k:
l5mm is observed). Such long beams cannot be compressed to the required l-2 mm. The problem is believed to be due to discontinuities in the vacuum beam pipe where bellows, transitions from round to rectangular geometry and instrumentation ports exist. Initial operation at the SLC will be at currents of (1 -2) x 10" where the broadening is not severe.
However, the problem will have to be solved in order to reach design luminosity.
The main improvements to the Linac were upgrading for higher energy by replacing the After the beams collide, they are transported through the final focus to a kicker magnet . where they are extracted and directed toward a dump. The installation is complete and -'.
commissioning is now in progress.
Initially, the quadrupole triplet near the interaction region will be conventional magnets.
There are plans to replace these with superconducting magnets so the beams can be focused to a smaller spot size at the IR. The earliest time that these could be installed is in Summer ---1989.
The experimental hall has beam support and assembly areas. To minimize beam downtime, there are two staging areas for two detectors and either can move onto the beam line.
The facilities were completed last summer. The Mark II detector is parked in the east area and is ready to move onto the beam line. The SLD detector has already begun assembly in the west area.
While the ultimate goal of the SLC calls for a luminosity of 6 x 1030cm-2 set-', at turnin the machine will be unable to deliver that luminosity. For the first couple of years of data taking, the maximum luminosity will be 6 x 102' cmB2 set-l due to the limitation of the 120 pps operation and the conventional quadrupole triplet in the final focus. In addition, e* beams with 7.5 ~10'~ particles per bunch will be required to reach the design . .-luminosity. Undoubtedly, it will take time to learn how to achieve high luminosity. For the initial operation, a luminosity of 6 x 102' cmm2 set-1 is therefore a reasonable goal. This corresponds to about 15 Z"'s per day.
IV. Energy Spectrometer
Two spectrometers, one in each extraction line, are being built for installation in Fall 1987.' These will enable SLC to achieve an absolute center-of-mass energy resolution of 45 MeV/c 2. After the spent beams are ejected from the final focus beam line by kicker and septum magnets, they will be momentum-analyzed in a spectrometer system.
The spectrometer magnet produces a precisely known deflection of fir 18 mrad of the beam. ii) An exploration phase in the first half of 1988 with 10 to 20 thousand Z". The precision -energy spectrometer is expected for this data sample.
Gz) A measurement data set where some 100 to 200 thousand Z" events can be expected.
Polarized electrons are expected to be available for part of this data set.
. ._ Table 1 gives the precision we can expect for physics at the Z" with these data samples. VII.
ConclusioIlB
Colliding beams at the Z" mass will occur this summer at the SLC. The progress on commissioning the systems of the SLC is proceeding. The upgrade Mark II detector had extensive checkout at PEP before-its move to the SLC experimental hall and is ready to take data at SLC. The physics experiments will soon start to study Z" properties and look for new physics. The energy spectrometers will be installed in Fall 1987 and provide pulse-topulse center of mass energy measurement with an accuracy of f 50 MeV/c2. Longitudinally polarized electrons are expected in late 1988 and will allow more precise tests of the standard model. The SLD detector to fully exploit the potential physics is under construction and expected to be ready in 1989.
